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FREE-WHEEL CIRCUIT WITH AN
ADJUSTABLE OFF DELAY TIME

FIELD OF THE INVENTION

The present 1invention 1s directed to a free-wheel circuit
for eliminating a magnetic residual energy stored 1n a coil
within a predetermined time.

BACKGROUND INFORMAITITON

German Patent No. 33 17 942 C2 describes a circuit
arrangement for the protection of mechanical switchgear by
an electronic switch. The mechanical switchgear assemblies
are connected 1n series with ohmic inductive loads that are
supplied with direct current. In this context, the electronic
switch can be controlled by a capacitor that 1s charged from
the load voltage. The electronic switch 1s connected 1n
parallel to the load and becomes conductive when the
switchgear 1s turned oif. A non-linear resistor 1s connected 1n
parallel to the electronic switch, and the parallel circuit 1s in
turn connected 1n parallel to the load. The circuit arrange-
ment operates 1n a manner similar to a free-wheeling diode
connected 1n parallel to the load. As long as a control supply
voltage source 1s connected to the load, the capacitor 1s
charged and the electronic switch 1s conductive. As soon as
the control voltage source 1s 1solated from the load, the
capacitor 1s discharged, resulting 1n the electronic switch
becoming non-conductive. The current still flowing through
the ohmic inductive load due to the stored magnetic energy
1s switched to the non-linear resistor by the electronic
switch, resulting 1n a quick final decay of the residual energy
stored 1n the inductance.

Such ohmic mductive loads include, for example, con-
tactor coils supplied with direct current by a control supply
voltage source, Depending on the size of the contactor and
of the contactor coil used, decay times of 100 to 300 msec
are obtained, which 1s still relatively slow for the require-
ments.

German Utility Model No. 94 09 760.7 describes a circuit

arrangement for actuating a contactor. A free-wheeling
branch, comprising a switching transistor and a free-
wheeling diode connected 1n series thereto, 1s connected in
parallel to the contactor coil. A free-wheeling controller
controls the switching transistor as a function of the shape of
the control voltage.

Furthermore, German Published Patent Application No.
43 21 127 describes a device for activating an electromag-
netic load. This device comprises a series connection of the
clectromagnetic load with a first switching means, a free-
wheeling circuit for the electromagnetic load, comprising a
second switching means, and an actuator means for the
switching means.

SUMMARY OF THE INVENTION

An object of the present mvention 1s to provide a free-
wheeling circuit that will eliminate the magnetic energy
stored 1n a coil, in general of an ohmic inductive load
connected 1n parallel, within a shorter predetermined time
period after 1t 1s disconnected from a control supply voltage
source. The use of such a free-wheeling circuit for contac-
tors allows a shorter, definite decay of the contactor. An
advantage of this free-wheeling circuit consists of its self-
controlled action resulting from the fact that, when switch-
off surges occur 1n the coil, the free-wheeling transistor is
reliably blocked and thus the current flow 1s switched to the
non-linear resistor.
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The present mvention provides a free-wheel circuit that
includes a series circuit that 1s parallel to the coil. The series
circuit mcludes a first diode and a first switching transistor
with which a non-linear resistor 1s connected 1n parallel. The
free-wheel circuit of the present invention also includes a
parallel circuit for driving the first switching transistor, the
parallel circuit including a capacitor and a first ohmic
resistor with which a second switching transistor 1s con-
nected 1n parallel. According to the free-wheel circuit of the
present invention, the residual magnetic energy of the coil 1s
climinated via the non-linear resistor.

BRIEF DESCRIPTION OF THE DRAWING

The drawing 1llustrates a free-wheeling circuit connected
to a coil, 1n accordance with the present invention.

DETAILED DESCRIPTION

The drawing shows a free-wheeling circuit connected 1n
parallel to a coil 1. This parallel circuit 1s connected to a
control supply voltage source 8 with a positive pole 13 and
a negative pole 14. The free-wheeling circuit comprises a
serics circuit that 1s parallel to coil 1; this series circuit
comprises a first diode 2 and a first switching transistor 4,
connected 1n parallel to a non-linear resistor 3. Drain ter-
minal D of switching transistor 4 1s connected to negative
pole 14, and 1ts source terminal S 1s connected to the anode
of the first diode 2, which 1n turn 1s connected, with its
cathode terminal, to positive pole 13. Positive pole 13 1is
connected to the gate terminal G of first switching transistor
4 through a third diode 15 and a third ohmic resistor 16
connected 1n series thereto.

A vparallel circuit 5 comprising ohmic resistor 7 and
capacitor 6 1s connected between source terminal S and gate
terminal G of first switching transistor 4. The parallel circuit
5 1s connected 1n parallel to a first Zener diode 17 and a
second switching transistor 9, which 1s connected to source
terminal S of first switching transistor 4 with its emitter and
to gate terminal G of said switching transistor with its
collector. The base of second switching transistor 9 1is
connected to the negative pole 14 via a series circuit formed
by a second ohmic resistor 10, a second Zener diode 11, and
a second diode 12; the anode terminal of the second diode
12 1s also connected to negative pole 14, and the two cathode
terminals of the second diode 12 and the second Zener diode
11 are connected to one another.

Coil 1 may comprise, for example, a contactor coil, which
can be connected 1n series with an electronic driver 18 as
1Hlustrated.

Control supply voltage source 8 1s a DC voltage source
supplying to coil 1, or in general, an ohmic inductive load.
At the same time, the circuit, connected 1n series, formed by
first Zener diode 17, first ohmic resistor 7, and capacitor 6,
connected 1n parallel, 1s supplied with a control voltage via
diode 15 and ohmic resistor 16. The control voltage causes
first switching transistor 4 to become conductive and remain
so as long as control supply voltage source 8 1s connected.
When control supply voltage source 8 1s switched off, the
control voltage decays slowly from first switching transistor
4 according to the time constant given by parallel circuit §
until 1t reaches a value at which first switching transistor 4
becomes non-conductive. To avoid the unstable condition of
first switching transistor 4 1n its linear range, reliable block-
ing of first switching transistor 4 operating as a Iree-
wheeling transistor 1s ensured by second switching transistor

9.

The diode circuit of the second switching transistor 9
comprising second ohmic resistor 10, second Zener diode
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11, and second diode 12 1s used to make second switching,
transistor 9 reliably conductive. This 1s done by short-
circuiting the gate-source segment of first switching tran-
sistor 4, thereby blocking first switching transistor 4 when
overvoltages occur 1 coil 1. These overvoltages appear
when the first switching transistor 4 operates in the linear
range.

Non-linear resistor 3 1s used to protect the drain-source
segment of first switching transistor 4. It causes the switch-
off overvoltages produced in coil 1 when control supply
voltage source 8 1s turned off and protects first switching,
transistor 4 from being destroyed.

The residual energy stored in coil 1 can decay at a higher
or lower rate or the switch-oif delay of the contactor can be
set as desired when a contactor coil 1s used with variants of
the first ohmic resistor 7 and capacitor 6. This 1s possible up
to the maximum switch-off delay with which the contactor
would decay without the circuit.

By dimensioning first diode 2, which 1s also referred to as
a Iree-wheeling diode, first switching transistor 4, and
non-linear resistor 3, the circuit can be adapted to a variety
of electromagnetic drivers.

The free-wheeling circuit can also be used for an elec-
tronically clocked coil driver 18.

Compared to previously known circuit arrangements, the
free-wheeling circuit described herein 1s considerably sim-
pler and contains fewer components.

Of course, another switching transistor type can also be
used 1n place of first switching transistor 4 and second
switching transistor 9.

What 1s claimed 1s:

1. A free-wheeling circuit for eliminating a magnetic
residual energy stored 1n a coil, comprising:

a first series circuit connected 1n parallel to the coil, the
series circuilt 1ncluding a first diode connected to a
non-linear resistor;

a first switching transistor connected in parallel to the
non-linear resistor;
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a parallel circuit for driving the first switching transistor,
the parallel circuit including a capacitor connected to a
first ohmic resistor, the parallel circuit connected to a
control 1mput of the first switching transistor and to a
control supply voltage source; and

a second switching transistor connected 1n parallel to the
parallel circuit, wherein, when the control supply volt-

™

age source 1s turned off 1n order to produce a switch-off
overvoltage 1n the coil, the second switching transistor
becomes conductive and the first switching transistor 1s
blocked.

2. The free-wheeling circuit according to claim 1, further
comprising an arrangement for short-circuiting a first ter-
minal of the first switching transistor to a second terminal of
the first switching transistor.

3. A free-wheeling circuit for eliminating a magnetic
residual energy stored 1n a coil, comprising:

a first series circuit coupled in parallel to the coil, the
series circuit including a first diode coupled to a
non-linear resistor;

a first switching transistor coupled in parallel to the
non-linear resistor;

a parallel circuit for driving the first switching transistor,
the parallel circuit including a capacitor coupled to a
first ohmic resistor, the parallel circuit coupled to a
control 1mput of the first switching transistor and to a
control supply voltage source; and

a second switching transistor coupled in parallel to the
parallel circuit, wherein, when a switch-off overvoltage
occurs 1n the coil, the second switching transistor
becomes conductive and the first switching transistor 1s
blocked, wherein the second switching transistor is
coupled to a driver circuit, wherein the driver circuit
includes a second series circuit comprising a second
ohmic resistor, a Zener diode coupled to the second
ohmic resistor, and a second diode coupled to the Zener
diode, the Zener diode and the second diode being
coupled to each other with opposite polarities.
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